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SUMMARY 

Noise measurements of  a twin-engine commercial j e t  a i rcraf t  were made 
dur ing  s t e e p  ( -4O and -5O) approach p r o f i l e s  and dur ing  a two-segment (-5O/-3O) 
approach p r o f i l e  a t  d i s t a n c e s  between about  2 km (1.08 n.  m i . )  and 6 km 
(3 .24 n. m i . )  from t h e  runway th re sho ld .  Noise leve ls  f o r  t h e  - 4 O  and - 5 O  pro
f i l e s  were 7 dB(A) and 10 dB(A), r e s p e c t i v e l y ,  below base- l ine  no i se  measure
ments,  made f o r  a convent ional  - 3 O  p r o f i l e .  Noise r educ t ions  from t h e  -5O/-3O 
p r o f i l e  were about t h e  same as f o r  t h e  -4O p r o f i l e  a t  about  6 km (3.24 n.  m i .  
but  were less than e i ther  of t h e  s t e e p  p r o f i l e s  a t  c l o s e r  d i s t a n c e s .  

E f fec t ive  perceived no i se  l e v e l s  a t  r e fe rence  c o n d i t i o n s ,  determined a t  a 
p o i n t  1.85 km ( 1  n. m i . )  from t h e  th re sho ld ,  were reduced by about 9 EPNdB and 
5 EPNdB by the  -5O and -4O approach p r o f i l e s ,  r e s p e c t i v e l y ,  when compared wi th  
t h e  s tandard  - 3 O  base l i n e .  A t  t h i s  d i s t a n c e ,  t h e  no i se  r educ t ion  b e n e f i t  f o r  
t h e  two-segment p r o f i l e  w a s  about  3 EPNdB. 

These noise  measurements were a l s o  used t o  develop a n o i s e - t h r u s t - a l t i t u d e  
r e l a t i o n s h i p  f o r  t h e  t e s t  a i rc raf t  a t  t h e  reduced t h r u s t  l e v e l s  requi red  f o r  
advanced approach techniques .  For t h i s  a n a l y s i s  it w a s  determined t h a t  a t  t h e s e  
reduced l e v e l s ,  s ing le-poin t  no i se  measurements may be conf iden t ly  ex t r apo la t ed  
t o  o the r  a l t i t u d e s  according t o  a method commonly,used f o r  convent ional  approach 
no i se  ana lyses .  

A l a r g e  ( 4 2  pe rcen t )  r educ t ion  i n  approach t h r u s t  a t  a g iven  a l t i t u d e  d id  
not  s i g n i f i c a n t l y  reduce t h e  c e n t e r - l i n e  no i se  below t h i s  t e s t  a i r c r a f t .  The 
r educ t ion  amounted t o  only about  3 .5  dB(A)  i n  t h e  a l t i t u d e  range between 61 m 
(200 f t )  and 610 m (2000 f t ) .  

INTRODUCTION 

Methods f o r  reducing a i rc raf t  no i se  i n  t h e  t e rmina l  area have been s tud ied  
f o r  many years by NASA, o t h e r  government agenc ie s ,  and i n d u s t r y .  Much of  t h i s  
e f f o r t  has  been involved wi th  developing advanced approach techniques  and proce
dures  f o r  no ise  abatement.  S t eep  approaches,  two-segment approaches,  and dece ler 
a t i n g  approaches are some of  t h e  techniques  which have been s t u d i e d .  Some of  
t h e  r e sea rch  conducted with t h e s e  techniques  is descr ibed  i n  r e fe rences  1 t o ' 4 .  

~~ 
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NASA Langley Research Center is us ing  the  twin-engine j e t  a i rcraf t  shown 
i n  f i g u r e  1 t o  e s t a b l i s h  a measured n o i s e  d a t a  base f o r  u se  i n  t h e  development 
of improved no i se  p r e d i c t i o n  methods. Th i s  r e p o r t  p r e s e n t s  the  r e s u l t s  of n o i s e  
measurements made dur ing  convent iona l ,  s t e e p ,  and two-segment approaches w i t h  
t h i s  a i rcraf t .  I n  a d d i t i o n ,  a n o i s e - t h r u s t - a l t i t u d e  ( N T A )  c o r r e l a t i o n  estab
l i s h e d  from these data is a l s o  presented .  T h i s  c o r r e l a t i o n  compares mul t ipo in t  
measurements w i t h  va lues  obtained by s ing le -po in t  measurement e x t r a p o l a t i o n  a t  
an approach t h r u s t  l e v e l  . typical  of advanced approach techniques .  

SYMBOLS AND ABBREVIATIONS 

Values are g iven  both i n  t h e  I n t e r n a t i o n a l  System o f  
U.S. Customary Uni t s .  Measurements and c a l c u l a t i o n s  were 
Uni t s .  

EP NL e f f e c t i v e  perceived no i se  l e v e l ,  EPNdB 

EPR engine p re s su re  r a t i o  

Fn n e t  t h r u s t ,  N ( l b f )  

I L S  . Instrument  Landing System 

Uni t s  (SI)  and i n  
made i n  U.S. Customary 

LA A-weighted sound pressure  l e v e l ,  dB(A) ( r e  20 pPa) 

NTA n o i s e - t h r u s t - a l t i t u d e  

RH r e l a t i v e  humidity 

S t a .  microphone s t a t i o n s  

T tempera ture ,  K ( O F )  

t time, sec 

VC c r o s s-wind ve l o c  ity , knots  

VW wind v e l o c i t y ,  kno t s  

X l o n g i t u d i n a l  d i s t ance  from p ro jec t ed  touchdown po in t  a long extended 
runway c e n t e r  l i n e ,  km (n .  m i . )  

Y l a t e r a l  d i s t ance  from extended runway c e n t e r  l i n e ,  m ( f t )  

z v e r t i c a l  d i s t a n c e  above extended runway c e n t e r  l i n e ,  m ( f t )  

Y approach f l i g h t - p a t h  ang le ,  deg 

6 atmospheric p re s su re  r a t i o  

6f f l a p  d e f l e c t i o n ,  deg 
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Subsc r ip t s  : 

max maximum va lue  

ref d a t a  co r rec t ed  t o  r e fe rence  cond i t ions  

DESCRIPTION OF AIRCRAFT AND DATA SYSTEMS 

Aircraft 

The tes t  a i rcraf t  is  t h e  Boeing 737-100 twin-engine j e t  t r a n s p o r t  shown i n  
f i g u r e  1 .  Equipped wi th  t r i p l e - s l o t t e d  t r a i l i ng -edge  f l a p s ,  leading-edge s la ts ,  
and Krueger leading-edge f l a p s ,  t h e  aircraft  was designed f o r  shor t -haul  opera
t i o n s  i n t o  e x i s t i n g  small a i r p o r t s  wi th  s h o r t  runways. Longi tudina l  c o n t r o l  and 
trim are achieved by t h e  e l e v a t o r  and movable s t a b i l i z e r ,  r e s p e c t i v e l y ,  while  
l a t e ra l  c o n t r o l  is obtained by a combination of  a i l e r o n s  and s p o i l e r s .  The 
s p o i l e r s  a l s o  func t ion  as speed brakes  when so s e l e c t e d  by t h e  p i l o t .  A s ing le -
su r face  rudder  provides  d i r e c t i o n a l  c o n t r o l .  A i r c r a f t  dimensions,  propuls ion-
system d a t a ,  and design d a t a  are presented  i n  t a b l e  I and f i g u r e  2. 

Data Systems 

These experiments  requi red  time-synchronized d a t a  systems t o  measure n o i s e ,  
meteoro logica l  cond i t ions ,  a i rc raf t  p o s i t i o n ,  and c e r t a i n  a i rcraf t  parameters .  
These systems are a l l  d i scussed  i n  d e t a i l  i n  r e fe rence  5 and are summarized 
b r i e f l y  here .  

The noise  measurement sys t em.cons i s t ed  of  1.27-cm (1 /2- in . )  condenser-type 
p res su re  microphones, c a b l e s ,  s igna l - cond i t ion ing  equipment, and record ing  equip
ment needed t o  o b t a i n  no i se  d a t a  i n  accordance with appendixes A ,  B ,  and C of 
r e fe rence  6 .  The system equipment and c a l i b r a t i o n  procedures  are descr ibed  i n  
d e t a i l  i n  r e fe rence  5. F igure  3 shows t h e  microphone l o c a t i o n s  used i n  these  
tests. The microphones were mounted 1.2 m (3 .9  f t )  above ground l e v e l  and per
pendicular  t o  t h e  v e r t i c a l  p r o j e c t i o n  of  t h e  f l i g h t  pa th  of t h e  a i r c r a f t .  

Meteorological  measurements were made a t  a s i te  near  t h e  runway th re sho ld .  
Sur face  measurements cons i s t ed  of  tempera ture ,  r e l a t i v e  humidity,  s t a t i c  pres
s u r e ,  and wind d i r e c t i o n  and speed. The wind d a t a  were measured 10 m (32.8 f t )  
above ground l e v e l .  Meteorological  d a t a  obta ined  from radiosonde ba l loons  
r e l eased  every 30 min dur ing  t h e  tests were re la t ive  humidi ty ,  t empera ture ,  and 
wind speed and d i r e c t i o n .  The aircraft  x ,  y ,  and z p o s i t i o n  d a t a  were de te r 
mined from rada r  and were a l l  re ferenced  t o  t h e  extended runway c e n t e r  l i n e  and 
t o  a p ro jec t ed  touchdown p o i n t  305 m (1000 f t )  from t h e  th re sho ld  of  t h e  t e s t  
runway. 

The a i rcraf t  performance parameters  measured dur ing  t h e s e  tests included 
weight ,  engine p re s su re  r a t i o s  ( r e l a t e d  t o  ne t  t h r u s t ) ,  f l a p  and gear p o s i t i o n s ,  
g l i d e  s lope  and l o c a l i z e r  d e v i a t i o n s ,  a i r s p e e d ,  body a x i a l  rates and a t t i t u d e s ,  
and column and wheel f o r c e s .  Weight d a t a  were determined by manually adding 
weight i nd ica t ed  by t h e  f u e l  q u a n t i t y  gages t o  t h e  dry weight of t h e  aircraft .  
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The o t h e r  parameters  were recorded onboard on a wide-band magnetic t a p e  r e c o r d e r ,  
The nominal test weight was 39 463 kg (87 000 lbm) -+ 1361 kg (3000 lbm). 

FLIGHT PROFILES AND TEST PROCEDURES 

F l i g h t  P r o f i l e s  

The nominal f l i g h t  p r o f i l e s  are i l l u s t r a t e d  i n  f i g u r e  4 and t abu la t ed  i n  
t a b l e  11. The nominal two-segment p r o f i l e  had a sha rp  t r a n s i t i o n  po in t  a t  
z = 214 m (700 f t )  and x = 4.07 km (2.20 n .  m i . ) .  This  geometry p laced  t h e  
test a i rcraf t  on a -5O g l ide  s lope  over s t a t i o n s  3 and 4 and a - 3 O  g l ide  s l o p e  
over  s t a t i o n s  1 and 2 .  

A l l  approaches were made wi th  t h e  landing  gear, s lats,  and f l a p s  extended. 
The f l a p  d e f l e c t i o n  f o r  a l l  p r o f i l e s  was 30°, with t h e  except ion of t h e  - 3 O  pro
f i l e ,  f o r  which f l a p  d e f l e c t i o n s  of both 30° and 400 were used. 

Test Procedures 

The f l i g h t - t e s t  procedure f o r  t h e  - 3 O ,  - 4 O ,  and - 5 O  approach p r o f i l e s  was 
t o  e s t a b l i s h  the des i r ed  conf igu ra t ion ,  a i r s p e e d ,  t h r u s t ,  and approach pa th  
p r i o r  t o  reaching x = 9.25 km ( 5  n .  m i . ) .  From t h i s  po in t  inbound the  EPR and 
conf igu ra t ion  were he ld  cons t an t  as the  a i rcraf t  flew over t h e  microphone sta
t i o n s .  I n  a l l  t h e s e  t es t s ,  both the  EPR and t h e  approach speed were p i l o t  op t ions  
However, once t h e  EPR was s e l e c t e d  and t h e  g l i d e  s lope  acqu i red ,  t h e  EPR was no t  
changed and approach speed during descent  was c o n t r o l l e d  wi th  speed brakes .  
Approach guidance information was provided by t h e  system shown schemat i ca l ly  i n  
f i g u r e  5. Aircraft p o s i t i o n  data from radar were recorded dur ing  each approach 
run and compared wi th  t h e  desired coord ina te s  of  t h e  f l i g h t  pa th  by a computer. 
Cross-track and ver t ica l  dev ia t ions  were computed and t r ansmi t t ed  t o  t h e  test 
aircraft  i n  real  time. This  information was d isp layed  i n  s tandard  ILS format on 
t h e  aircraft 's  F l i g h t  Di-rector System. 

For the  - 5 O / - 3 O  approaches the  t e s t  procedure was t h e  same as f o r  t h e  o the r  
approaches wi th  t h e  except ion t h a t  t he  i n i t i a l  approach speed (on t h e  -5O seg
ment) was higher  than t h e  nominal approach speed f o r  t h e  - 3 O  approaches.  After 
t r a n s i t i o n  had been achieved,  t h i s  excess  a i r speed  was allowed t o  d i s s i p a t e  as 
t h e  a i rc raf t  descended on t h e  - 3 O  segment of the p r o f i l e .  A s  i n  t h e  o t h e r  
approaches,  speed brakes were used as r equ i r ed  f o r  speed c o n t r o l .  

DATA REDUCTION AND ANALYSIS 

The basic stages of t he  a c o u s t i c  da ta - reduct ion  procedure are shown i n  
figure 6 .  The analog (FM) t apes  from t h e  f i e l d  were processed by a one-third
oc tave  ana lyzer  t o  y i e l d  one-third-octave sound p res su re  leve ls  between 3.2 Hz 
and 31.5 kHz wi th  a r e s o l u t i o n  of  0.25 dB. These spectra,  determined a t  0.5
sec i n t e r v a l s ,  were then en tered  i n t o  t h e  computer, where system and ambient-
condi t ion  c o r r e c t i o n s  were appl ied  f o r  t h e  one-third-octave bands between 25 Hz 
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and 20 kHz. Corrected s p e c t r a  were then  used t o  c a l c u l a t e  the  desired a c o u s t i c  
parameters.  

P r i o r  t o  the  a n a l y s i s  of  any data runs ,  systems c o r r e c t i o n s  were made f o r  
microphone c a l i b r a t i o n ,  wind sc reen ,  and pink noise .  The microphone c a l i b r a t i o n  
and pink no i se  c o r r e c t i o n  were both recorded a t  the  beginning of  each t ape .  The 
wind sc reen  c o r r e c t i o n  was determined from manufac turer ' s  data (ref.  5 ) .  I n  
a d d i t i o n  t o  these system c o r r e c t i o n s ,  a slow meter response was simulated by cal
c u l a t i n g  a running l i n e a r  average over  1 .5  sec f o r  each one-third-octave band as 
described i n  r e fe rence  7.  

Correc t ions  f o r  t h e  c o n t r i b u t i o n  of  background sound p res su re  l e v e l s  were 
a l s o  a p p l i e d .  Before each f l y o v e r ,  an ambient condi t ion  w a s  recorded and i t s  
spectrum w a s  c a l c u l a t e d  by averaging from 5 t o  10 cont inuous 0.5-sec spectra. 
T h i s  spectrum was compared w i t h  each data spectrum during t h e  f lyove r .  I f  any 
one-third-octave band i n  t h e  data spectrum w a s  less than  5 dB above the  ambient 
c o n d i t i o n s ,  t h a t  band w a s  replaced by the  power average of  t he  frequency bands 
above and below it .  If  t h e  data band was between 5 and 10 dB above t h e  ambient 
cond i t ion ,  it was replaced  by the d i f f e r e n c e  i n  power between the  data and ambi
e n t  l e v e l s .  If t h e  data band w a s  more than 10 dB above t h e  ambient cond i t ion ,  
no c o r r e c t i o n  w a s  a p p l i e d .  

The no i se  data i n  t h i s  r e p o r t  are i n  terms of t h e  parameters  LA and EPNL. 
Values of LA and EPNL were determined from measured data according t o  t h e  
methods of r e fe rence  8 .  

I n  order t o  provide a d i r e c t  comparison between tests, and w i t h  o t h e r  
sources  of da t a ,  t h e  method of r e fe rence  6- was used t o  a d j u s t  t h e  LA data t o  a 
r e fe rence  temperature  of 298.2 K (770 F)  and a r e l a t i v e  humidity of 70 percent .  
I n  a d d i t i o n ,  t he  geometr ic  r e l a t i o n s h i p s  i n  r e fe rence  7 were used t o  f u r t h e r  
a d j u s t  EPNL data t o  r e fe rence  weight,  airspeed, and a l t i t u d e .  These ad jus t ed  
data a r e  designated L ~ , r e f  and EPNLpef i n  t h i s  r e p o r t .  

RESULTS AND D I S C U S S I O N  

Noise Measurements 

T e s t  condi t ions . - The test cond i t ions  a t  which the  no i se  data were taken 
are given i n  tab le  111. The meteoro logica l  cond i t ions  were measured when t h e  
a i r c r a f t  was over s t a t i o n  1 and the  p o s i t i o n  data (y  and z )  were measured when 
t h e  a i rcraf t  w a s  d i r e c t l y  over each s t a t i o n .  Values of Fn/6 f o r  each approach 
p r o f i l e  were determined from the averages  of the  EPR va lues  recorded dur ing  
each run .  It can be noted t h a t  Fn/6 had t h e  same va lue  f o r  the  steep and two-
segment p r o f i l e s .  

The meteoro logica l  data i n  table  I11 i n d i c a t e  t h a t  a l l  tests were made a t  
temperatures  between 299.8 K and 304.1 K (800 F and 880 F ) ,  r e l a t i v e  humid i t i e s  
between 38 percent  and 51 p e r c e n t ,  and wind v e l o c i t i e s  ( I O  m (32.8 f t )  above 
ground l e v e l )  not  i n  excess  o f  10 kno t s .  The cross-wind component w a s  gene ra l ly  
less than 6 kno t s ,  a l though 9 knots  was the  maximum value  encountered.  An exam
i n a t i o n  of  the  radiosonde data i n d i c a t e d  t h a t  there were no temperature  inver 
s i o n s  during these t e s t s .  
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The n o i s e  d a t a  recorded a t  t h e  t e s t  c o n d i t i o n s  i n  t ab le  I11 were a l l  cor
rected t o  the  nominal f l i g h t  p r o f i l e s  ( t a b l e  11) and t o  the  r e fe rence  cond i t ions  
noted i n  the  preceding s e c t i o n .  The t o t a l  c o r r e c t i o n  due t o  t he  t e s t  cond i t ions  
was g e n e r a l l y  less than -+1 dB(A) or -+1 EPNdB. 

. - _ _  .___ _ _ _ _Typical  time . h i s t o r i e s  and s p e c t r a l  -mea-surements.- Typica l  time h i s t o r i e s  
of LA a t  s t a t i o n s  1 and & a r e  shown f o r  t h e  base- l ine  (Y = -3O, 6f = 40°) pro-
.f i le Zn f i g u r e  7 .  Similar d a t a  are a l s o  shown f o r  the  -5O p r o f i l e  s i n c e  t h i s  
p r o f i l e  had the greatest impact on the  n o i s e  l e v e l s  a t  both s t a t i o n s .  I n  t h i s  
f i g u r e ,  t = 0 denotes  the  time t h a t  t h e  aircraft  w a s  over  t h e  s t a t i o n .  The 
h i s t o r i e s  f o r  y =  -30 show the  same g e n e r a l  characterist ics observed i n  n o i s e  
tests of o the r  commercial t u r b o j e t  aircraft  ( refs .  9 and IO) and are d iscussed  
i n  r e fe rence  5. A t  both s t a t i o n s ,  t h e  maximum value  o f  LA f o r  Y =  - 5 O  was 
about  10 dB(A)  less  than f o r  Y = - 3 O .  A t  s t a t i o n  1 ,  t h i s  reduced l e v e l  was 
recorded between t = -1 sec and t = +2 sec. A t  s t a t i o n  4 ,  however, the  same 
reduct ion  i n  no i se  l e v e l  was recorded over  a cons ide rab ly  longer  time i n t e r v a l  
( t  = -4 sec t o  t = +6.5 s e c ) .  

The effect  of  approach p r o f i l e  on the  n o i s e  spectrum of  t h i s  a i rc raf t  i s  
shown by the t y p i c a l  data i n  f i g u r e  8. T h i s  f i g u r e  shows the measured spectra 
a t  the  maximum value of L A ,  a t  s t a t i o n s  1 and 4, and f o r  Y =  - 3 O  and - 5 O .  The 
da t a  show t h a t  t he  s t e e p e r  p r o f i l e  produced a n e a r l y  cons t an t  r educ t ion  i n  sound 
p res su re  l e v e l  between c e n t e r  f r equenc ie s  of  100 Hz and 10 kHz a t  both s ta
t i o n s  1 and 4 .  

( LA, max ref data.- Values of LA,^^^)^^^ from the  va r ious  f l i g h t  tests 
__ 

are l i s t e d  i n  tab le  I V  a long w i t h  t h e  mean va lues  o f  t h e  measured data.  I n  some 
cases, no data are given f o r  s t a t i o n  2 because of in s t rumen ta t ion  d i f f i c u l t i e s .  
Since the  sample s i z e  was small ( less than 30 data p o i n t s ) ,  confidence l i m i t  
i n t e r v a l s  were c a l c u l a t e d  t o  determine how w e l l  these data-estimated t h e  t r u e  
populat ion mean va lue  f o r  many f l i g h t s  (more than 30 data p o i n t s ) .  These 
r e s u l t s  a r e  shown i n  t a b l e  V.  

Tab le  V l ists the  sample s tandard  d e v i a t i o n s  and 90-percent confidence 
i n t e r v a l s  f o r  t he  popula t ion  mean va lues  a s s o c i a t e d  w i t h  t h e  sample s i z e .  
The 90-percent confidence i n t e r v a l  was chosen s i n c e  t h i s  is  most o f t e n  used 
i n  aircraft  noise  s t u d i e s ,  and t h e  va lues  were computed us ing  t h e  s t u d e n t ' s  
t - d i s t r i b u t i o n  method of r e fe rence  11 .  

The data i n  t a b l e  V show t h a t ,  i n  g e n e r a l ,  t h e  sample s tandard  d e v i a t i o n s  
and t h e  confidence i n t e r v a l s  were small. These r e s u l t s  i n d i c a t e  t h a t  t h e  sample 
mean va lues  w e l l  r ep resen t  t h e  t r u e  popula t ion  mean va lues  and w i l l  l i e  wi th in  
the ind ica t ed  confidence i n t e r v a l s  90 percent  of the  t i m e .  The data fo r  
y = -5O e x h i b i t  somewhat larger s tandard  d e v i a t i o n s  than t h e  o t h e r  da t a ,  
a l though these va lues  are not  unreasonable  f o r  measurements of t h i s  type .  (See 
refs.  12 and 13.)  A s  would be expected,  t he  s i z e  of  t h e  confidence i n t e r v a l  a t  
s t a t i o n  2 f o r  t he  base- l ine  data is larger as a consequence of  t h e  l i m i t e d  Sam
p l e  s i z e  r e s u l t i n g  from t h e  prev ious ly  noted in s t rumen ta t ion  d i f f i c u l t i e s .  
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The measured mean va lues  of  LA,^^^),,^ from t a b l e  I V  are p l o t t e d  i n  

f i g u r e  9.  The d a t a  show t h a t  t h e  -5O p r o f i l e  produced t h e  lowest  no i se  l e v e l s ,  
about 10 dB(A) less than t h e  base- l ine  (Y = - 3 O ,  $ = 400) n o i s e  l e v e l s .  The 
no i se  da t a  presented f o r  y = - 4 O  are about  7 dB(A) less  than t h e  base- l ine  
data. The Y = -5O/-3O d a t a  were no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  Y = -4O 
d a t a  at about  6 km (3.24 n .  m i . )  from t h e  th re sho ld ;  but  smaller no i se  reduc
t i o n s  r e s u l t e d  f o r  y = -50/-3O than f o r  e i ther  of  t h e  s t e e p  approaches a t  
c l o s e r  d i s t a n c e s .  

EPNLref data . - Table V I  p r e s e n t s  measured and mean va lues  of EPNLref a t  a 

d i s t a n c e  1.85 km (1  n .  m i . )  from the  th re sho ld .  The s tandard  d e v i a t i o n s  and 90
percent  confidence i n t e r v a l s  f o r  t h e s e  d a t a  are presented  i n  t a b l e  V I I .  A s  wi th  
the (LA,max)ref d a t a ,  t h e  sample s tandard  d e v i a t i o n s  and t h e  90-percent conf i 

dence i n t e r v a l s  were small, and t h e  confidence i n t e r v a l s  were w e l l  w i th in  t h e  
c r i t e r i a  of -+1.5 EPNdB e s t a b l i s h e d  i n  r e fe rence  6 .  

A comparison of t he  mean va lues  i n  t a b l e  V I  wi th  t h e  base- l ine  mean va lue  
shows t h a t  t h e r e  w a s  a r educ t ion  of about  9 EPNdB f o r  Y = -5O and about  
5 EPNdB f o r  Y = - 4 O .  The r educ t ion  o f f e r e d  by t h e  two-segment approach 
( y  = - 5 O / - 3 O )  was about 3 EPNdB. 

Data assessment.- I n  general, the  n o i s e  d a t a  presented  c l e a r l y  show t h a t  
t he  s t e e p  approach p r o f i l e s  o f f e red  s i g n i f i c a n t  r educ t ions  i n  c e n t e r - l i n e  n o i s e ,  
s i n c e  the  no i se  propagat ion p a t h s  were longer  and t h e  normalized t h r u s t  va lues  
were lower than fo r  t h e  base- l ine  p r o f i l e .  For t h e  two-segment p r o f i l e ,  how
e v e r ,  t h e  pa th  l e n g t h s  were t h e  same a t  d i s t a n c e s  from t h e  th re sho ld  less than 
about  4 km (2.16 n.  m i . ) ,  and t h e  n o i s e  r educ t ions  (which r e s u l t e d  from reduced 
Fn/ 6 a lone )  were smaller. 

Noise-Thrust-Alti tude Re la t ionsh ip  

-~Background.- No i se - th rus t - a l t i t ude  ( N T A )  r e l a t i o n s h i p s  are commonly devel
oped f o r  i n d i v i d u a l  a i r c r a f t  as n o i s e  p r e d i c t i o n  t o o l s .  Both test  d a t a  and 
ana lyses  are u s u a l l y  used i n  e s t a b l i s h i n g  these  r e l a t i o n s h i p s .  However, t h e  
c u r r e n t l y  e x i s t i n g  r e l a t i o n s h i p s  do not  g e n e r a l l y  apply  t o  approaches a t  low 
t h r u s t  l e v e l s  which w i l l  c h a r a c t e r i z e  advanced approach techniques .  This  sec
t i o n  desc r ibes  t h e  d e r i v a t i o n  of such a r e l a t i o n s h i p  f o r  t h i s  a i rc raf t ,  as w e l l  
as a comparison of  mul t ipo in t  n o i s e  measurements wi th  an ex t r apo la t ed  s ing le -
po in t  measurement a t  a much lower than  normal t h r u s t  l e v e l .  

Methods.- A s  noted i n  t h e  preceding s e c t i o n ,  t h e  s t e e p  and two-segment 
p r o f i l e s  were a l l  flown a t  a t h r u s t  l e v e l  of 11 342 N/engine (2550 l b f / e n g i n e ) .  
This  was the  minimum t e s t  t h r u s t  l e v e l ,  about  42 percent  below Fn/ 6 f o r  t h e  
base- l ine  p r o f i l e .  No i se - th rus t - a l t i t ude  r e l a t i o n s h i p s  were e s t a b l i s h e d  f o r  
t h e s e  maximum and minimum va lues  of approach Fn/6 as w e l l  as f o r  t h e  interme
d i a t e  Fn/,6 va lue  f o r  y = -3O and 6f 30°. 
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The data were analyzed by two methods. I n  t h e  first method, LA,^^^)^^^ 
f l i g h t  data measured a t  a l l  fou r  s t a t i o n s  ( tab le  I V )  were p l o t t e d  as a func t ion  
of a l t i t u d e  f o r  each va lue  of  Fn/6. T h i s  mu l t ipo in t  measurement method was con
s t r a i n e d  t o  the a l t i t u d e  range from 121 m (397 f t )  t o  562 m (1840 f t ) ,  where mea
su red  data were a v a i l a b l e .  I n  t h e  second method, data measured a t  only one sta
t i o n  ( s t a t i o n  1) were a n a l y t i c a l l y  ex t r apo la t ed  over  a range of  a l t i t u d e  from 
61 m (200 f t )  t o  610 m.(2000 f t ) .  

This s ing le-poin t  measurement e x t r a p o l a t i o n  method used a well-known physi
ca l  r e l a t i o n s h i p  t o  a d j u s t  s p e c t r a  measured a t  t h e  time of LA,^^^)^^^ t o  d i f 

f e r e n t  no i se  propagat ion pa th  l eng ths .  The a n a l y s i s  used t h e  fo l lowing  equat ion  
from re fe rence  7 ( i n  t h e  n o t a t i o n  o f  ref. 7 ) :  

where the  SPLia and SPLic are the  a c t u a l  and co r rec t ed  sound p res su re  l e v e l s ,  
r e s p e c t i v e l y ,  i n  t h e  i t h  one-third-octave band. The first c o r r e c t i o n  term 
accounts  f o r  t he  effects  of change i n  a tmospheric  sound abso rp t ion  f o r  t h e  
e n t i r e  a c t u a l  propagat ion pa th  ( s l a n t  range)  SR,. The c o e f f i c i e n t s  %a and 
air are the sound abso rp t ion  c o e f f i c i e n t s  f o r  t h e  a c t u a l  and t h e  r e fe rence  
atmospheric  c o n d i t i o n s ,  r e s p e c t i v e l y ,  f o r  t h e  i t h  one-third-octave band and were 
determined by the  method of  r e fe rence  2.  The second c o r r e c t i o n  term accounts  
f o r  t h e  excess  or  sho r t age  of a tmospheric  abso rp t ion  due t o  t h e  change i n  p a t h  
from t h e  a c t u a l  t o  t h e  r e fe rence  s l a n t  range SR,. The t h i r d  c o r r e c t i o n  term 
accounts  f o r  the  effects of t h e  inve r se  square  l a w  when c o r r e c t i n g  from t h e  
a c t u a l  t o  t h e  r e fe rence  s l a n t  range. The co r rec t ed  s p e c t r a  determined from t h i s  
a n a l y s i s  were then used t o  determine new va lues  of LA,^^^),,^ a t  t h e  va r ious  
a l t i t u d e s .  

Resul t s . - The r e s u l t s  obtained from t h e  two ana lyses  were i n  good agreement 
a t  a l l  three t h r u s t  l eve ls .  T h i s  agreement is i l l u s t r a t e d  i n  f i g u r e  I O ,  which 
shows the  v a r i a t i o n  of  LA,^^^)^^^ w i t h  z f o r  Fn/6 = 11 342 N/engine 

(2550 lb f / eng ine )  determined from t h e  mul t ipo in t  measurements method and. from t h e  
s ingle-poin t  measurement e x t r a p o l a t i o n  method. The NTA r e l a t i o n s h i p  determined 
from these  two methods is a l s o  shown. This  same procedure was used t o  determine 
the  NTA r e l a t i o n s h i p s  a t  t h e  o t h e r  two normalized t h r u s t  va lues .  These NTA ana l 
y s i s  procedures are n o t  unique and have been employed i n  i n v e s t i g a t i o n s  i n  t h e  
p a s t .  The poin t  of s i g n i f i c a n c e  he re ,  however, i s  t h a t  n o i s e  data from t h e  two 
methods are compared a t  an approach t h r u s t  l e v e l  t y p i c a l  of  advanced approach 
requirements .  The good agreement a t  t h i s  cond i t ion  ( f i g .  10)  i n d i c a t e s  t h a t  
s ing le-poin t  no i se  measurements can be a c c u r a t e l y  e x t r a p o l a t e d  t o  d i f f e r e n t  a l t i 
tudes  (wi th in  t h e  l i m i t s  of t h i s  i n v e s t i g a t i o n )  accord ing  t o  a r e l a t i o n s h i p  
q u i t e  commonly used f o r  convent iona l  approach no i se  ana lyses .  

Values from t h e  NTA r e l a t i o n s h i p  f o r  each t h r u s t  l e v e l  are l i s t e d  i n  
table V I 1 1  and compared wi th  t h e  f l i g h t  measurements. The agreement is  gener
a l l y  q u i t e  good. The NTA curves  are p l o t t e d  i n  f i g u r e  11 f o r  a l t i t u d e s  between 
61 m (200 f t )  and 610 m (2000 f t ) .  These curves  can be used t o  estimate t h e  
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no i se  under t h e  f l i g h t p a t h  o f  t h i s  aircraft  when a l t i t u d e  and normalized t h r u s t  
are known. The data a l s o  show t h a t  an apprec i ab le  r educ t ion  i n  t h e  approach 
t h r u s t  of t h i s  aircraft does no t  g r e a t l y  reduce t h e  c e n t e r - l i n e  no i se  a t  a given 
a l t i t u d e .  For example, a r educ t ion  of 42 percent  i n  approach Fn/8 reduced 
(LA, max ref by about  3.5 dB(A)  i n  t he  a l t i t u d e  range of  the  i n v e s t i g a t i o n .  

CONCLUSIONS 

I n  t h i s  r e p o r t ,  runway c e n t e r - l i n e  n o i s e  measurements were made dur ing  
s t e e p  (-4O and - 5 O ) ,  two-segment ( - 5 O / - 3 O ) ,  and convent iona l  ( - 3 O )  approaches.  
The n o i s e  measurements cons i s t ed  o f  maximum A-weighted sound p res su re  l e v e l s  and 
e f f e c t i v e  perceived n o i s e  l e v e l s  co r rec t ed  t o  r e fe rence  cond i t ions  LA,^^^)^^^ 
and EPNLref, r e spec t ive ly )  . Resu l t s  i n d i c a t e  t h e  fol lowing:  

1 .  Center- l ine LA,^^^),,^ data for t h e  -4O and -5O approach p r o f i l e s  

were 7 dB(A) and 10 d B ( A ) ,  r e s p e c t i v e l y ,  less than those  f o r  t h e  convent ional  
-30 p r o f i l e .  

2.  The c e n t e r - l i n e  ( L A ,  max)ref va lue  f o r  the two-segment (-5O/-3O) 

approach p r o f i l e  was not  s i g n i f i c a n t l y  d i f f e r e n t  from the  - 4 O  p r o f i l e  va lue  a t  
about  6 km (3.24 n.  m i . )  from t h e  th re sho ld .  A t  c l o s e r  d i s t a n c e s ,  t h e  two-
segment p r o f i l e  r e s u l t e d  i n  smaller no i se  r educ t ions  than  e i ther  of  the s teep 
p r o f i l e s .  

3. The c e n t e r - l i n e  EPNLref data from the  s t e e p  and two-segment p r o f i l e s  
were a l l  lower than t h e  -3O base- l ine  data. A t  1.85 km ( 1  n .  m i . )  from the  
t h r e s h o l d ,  t h e  r educ t ions  f o r  t h e  -50 and -4O p r o f i l e s  were about  9 EPNdB and 
5 EPNdB, r e s p e c t i v e l y .  The two-segment p r o f i l e  reduced t h e  EPNLref va lue  by 
3 EPNdB a t  t h i s  d i s t a n c e .  

4. Mult ipoin t  measurements and s ing le -po in t  measurement e x t r a p o l a t i o n  were 
used t o  develop a n o i s e - t h r u s t - a l t i t u d e  r e l a t i o n s h i p  a t  reduced approach t h r u s t  
va lues .  The good agreement noted between t h e s e  methods i n d i c a t e s  t h a t  a s i n g l e -
po in t  e x t r a p o l a t i o n  method, commonly used f o r  convent iona l  approach n o i s e ,  can 
be used w i t h  confide'nce a t  g r e a t l y  reduced t h r u s t  l e v e l s .  

5 .  A 42-percent r educ t ion  i n  t h e  approach t h r u s t  of t h e  t e s t  a i r c r a f t ,_ _  
a t  a given a l t i t u d e ,  reduced the  c e n t e r - l i n e  LA,^^^),,^ va lue  by only  about 
3.5 dB(A) .  

Langley Research Center 
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TABLE I.- CHARACTERISTICS OF TEST AIRCRAFT 

General : 
Length. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  28.65 (94.0)  
Height t o  top  of  ver t ica l  f i n .  m ( f t )  . . . . . . . . . . . .  11.28 (37.0)  

Wing : 
Area. m2 ( f t 2 )  . . . . . . . . . .  
Span. m ( f t )  . . . . . . . . . . .  
Mean aerodynamic chord. m ( f t )  . . 
Incidence ang le .  deg . . . . . . .  
Aspect r a t i o  . . . . . . . . . . .  
Dihedral .  deg . . . . . . . . . .  
Sweep. deg . . . . . . . . . . . . .  
F l a p  d e f l e c t i o n  (maximum). deg . . 
Flap a r e a .  m2 ( f t 2 )  . . . . . . .  
Aileron d e f l e c t i o n  (maximum). deg 
S p o i l e r  d e f e c t i o n .  deg: 

Inboard . . . . . . . . . . . .  
Outboard . . . . . . . . . . . .  

Horizonta l  t a i l  : 

. . . . . . . . . . . . . .  91.04 (980) . . . . . . . . . . . . . .  28.35 (93.0)  . . . . . . . . . . . . . .  3.41 (11.2)  . . . . . . . . . . . . . . . . . . .  1.0 

. . . . . . . . . . . . . . . . . . .  9.07 . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . . . . . . . . . . .  25 . . . . . . . . . . . . . . . . . . .  40 

. . . . . . . . . . . . . .  14.94 (160.8) . . . . . . . . . . . . . . . . . . .  +20-

. . . . . . . . . . . . . . . . . . .  60 

. . . . . . . . . . . . . . . . . . .  40 

T o t a l  area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . .  28.98 (312) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  10.97 (36.0)  
Eleva tor  area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . .  6.55 (70.5)  
Eleva tor  d e f l e c t i o n  (maximum). deg . . . . . . . . . . . . . . . . . . .  -+21 
S t a b i l i z e r  d e f l e c t i o n .  deg . . . . . . . . . . . . . . . . . . . . . . .  12 

V e r t i c a l  t a i l  : 
Tota l  a r e a .  m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . .  20.9 (225) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  6.15 (20.16) 
Rudder a r e a .  m2 ( f t2)  . . . . . . . . . . . . . . . . . . . .  5.22 (56.2)  
Rudder d e f l e c t i o n .  deg . . . . . . . . . . . . . . . . . . . . . . . . .  -+24 

Propuls ion system: 
P r a t t  & Whitney JT8D-7 engines  . . . . . . . . . . . . . . . . . . . . .  2 
Maximum u n i n s t a l l e d  t h r u s t  per  engine a t  sea l e v e l  

s t a t i c  p re s su re .  N ( l b f )  . . . . . . . . . . . . . . . . .  62 275 (14  000) 

Weight: 
Maximum take-off g r o s s  weight .  kg (lbm) . . . . . . . . . .  44 361 (97 800) 
Maximum landing  weight .  kg (lbm) . . . . . . . . . . . . .  ' . 40 687 (89 700) 
Empty weight ( ze ro  f u e l ) .  kg (lbm) . . . . . . . . . . . . .  28 803 (63 500) 
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TABLE 11.- NOMINAL FLIGHT PROFILES 


12 




-- 

-- 

TABLE 111.- ACTUAL TEST CONDITIONS 

( a )  Base-line approach; Y = -3O; 6f = 400; Fn/6 = 19 793 N/engine (4450 lbf /engine)  

I 

Meteorological condi t ions z a t  s t a t i o n  - I ay a t  s t a t i o n  
-

F l i g h t  R u n  VC, 
knots 

R-060 


R-060 


R-060 


R-061 


K f t  

299.8 80 


300.4 81 48 128.0 420 170.7,560238.7 783 344.7 1131 -3.4 -11 


300.4 80 48 135.6 445 168.6 553 249.9'820353.9 1161 +3 +10 


302.7 85 49 144.8 475 170.7 560 243.8 800 350.5 1150 -4.6 -15 


303.2 86 48 134.1 440 172.2 565 240.8 790 350.5 1150 +3.7 +12 


(b) Y = -3O; 6f = 30°; Fn/6 = 17 792 N/engine (4000 lbf /engine)  

, Meteorolog ica  1 cond i tions z a t  s t a t i o n  - I =y a t  s t a t i o n  -
F l i g h t  R u n  VC, VW, T RH 9 1 4 1 2 I 3 4 

knots knots --percent - 7 -C---c----------

K ' O F  f t ,  m l f t  m f t  m f t  m f t  m 

R-060 . 3.2.1 1 1 299.8 80 50 143.6 471 177.7 583 241.4 792 342.3 1123 -7.0 -23 +5.2 +17 -0.6 -2 +6.7 

R-060 3.2.2 0 3 299.8 80 48 135.6 445 173.7 570 240.5 789 335.3 1100 -4.0 -13 -3.0 -10 +8.2 +27 -11.0 

R-061 3.2.3 1 2 302.1 84 49 131.1 430 172.2 565 243.8 800 342.9 1125 0 0 +0.9 +3 -7.0 -23 -14.9 


R-060 3.2.4 o 4 301.0 82 38 122.5 402 177.7 583 243.2 798 345.9 1135 -12.5 -41 -5.5 -18 -4.0 -13 -8.5 

I 

f t  

+22 


-36 


-49 


-28 




t TABLE 111.- Continued 

( c )  Y = -40; 6f = 300; Fn/6 = 11 342 N/engine (2550 lbf /engine)  

Meteoro logica 1 condi t ions  z a t  s t a t i o n  - I ay a t  s t a t i o n  -

RH, 3 1 4 
nots  knots  

39 1469 -5.0 -16 +2.1 

42 +7 

303.2 86 49 

50 

1446 -4.6 -15 +10.4 +34 

1466I +15.9 I I  

v c f  I v w f  I-+ e r c e n t  

173.4 569 235.9 774 314.2 1031 445.9 Tq?iif t  

-9 

+52 +39.6 +13a 

1502 36.4 221 -2.151 Ili_ -7 

( d )  y = -5'; 6f = 30°; Fn/6 = 11 342 Nlengine (2550 lbf /engine)  

Meteoro log i c a  1 condi t ions  I z at  s t a t i o n  - ay a t  s t a t i o n  - I-
Fl ight  ?un "C f 

RH f 1 2 3 4 1 2 3 4 
- -r--

n o t  s lercent 
m f t  m f t  m f t  m f t  m f t  m f t  

I 

m 
- -I 

R-050 1.1 5 303.6 87 42 214.9 705 273.1 896 342.0 1122 530 .O 1739 -13.4 -44 -15.2 -50 -18.9 

R-050 1 .2  5 41 211.8 695 271.9 892 392.0 1286 548.6 1800 t28.0 +92 +24.1 +79 -9.8 

R-050 1 .3  7 40 210.0'689 267.9 879 383.1 1257 570.3 1871 +6.7 +22 -11.9 -39 -17.7 

R-050 1.4 6 39 210.3 690 274.6 901 367.6 1206 565.1 1854 -4.9 -16 -20.1 -66 +4.0 

R-050 1.5 6 40 205.7 675 272.2 893 385.0 126? 566.9 1860 -32.6 ,107 -20.1 -66 -41.1 

R-050 1.6 7 40 204.8 672 280.1 919 367.31120': 557.5 1829 +6.1 +20 +4.6 +15 -19.2 - a i -35 .7  i-127 

R-050 1 . 7  9 40 197.5 648 277.11909 378.9 124: 580.0 1903 -11.3 -37 -32.0 -105 -37.5 -1231 -8.8 -29 

1.8 8 40 215.8 768 278.6 914 376.1 1231 559.6 1 8 3  -25.3 -83 '-23.8 -78 -29.6 -97 /-52.1 -171 
- - 

aPos i t ive  t o  l e f t  of extended runway c e n t e r  l i n e ;  nega t ive  t o  r i g h t  of extended runway c e n t e r  l i n e .  



-- 

--- --- 

( e )  Y = -5O/-3O; 

Meteorological condi t ions  

F l i g h t  Run VC, VW, T RH 9 

knots  knots  percent
K OF 

R-061 3.4.1 7 6 302.7 85 51 

R-061 3.4.2 8 7 302.7 85 51 

R-061 3.4.3 7 6 302.7 8 5 1  50 

R-061 3.4.4 8 6 302.7 85 50 

R-061 3.4.5 302.7 85 50 

TABLE 111.- Concluded 

6f = 30°; Fn/6 = 11 342 N/engine (2550 lbf /engine)  

z a t  s t a t i o n  - ay a t  s t a t i o n  
1 2 3 4 1 2 3 4 

. I 
m f t  m f t  m f t  m f t  m f t  m f t  m f t  m f t  

131.4 431 185.0 607 266.1 873 444.4 1458 +11.3 +37 -8.8 -29 -5.7 -19 +17.0 +56 

127.7 419 175.9 577 252.1 827 428.5 1406 +4.2 +14 +10.4 +34 +9.1 +30 +12.2 +40 

127.4 418 172.2 565 245.4 805 434.6 1426 +1.5 +5, +.6 +2 +24.7 +81 +4.8 +16 

128.9 423 179.8 590 252.1 827 432.8 1420 +5.8 + l g  +.6 +2 +7.0 +23 +.6 +2 

131.1 430 178.6 586 254.2 834 436.5 1432 +3.7 +12 +14.3 +47 +8.2 +27 +22.3 +73 



TABLE IV.- SUMMARY LISTING OF LA,^^^)^^^ DATA 

o f  ins t rumenta t ion  d i f f i c u l t i e s ,  
data are g iven  a t  s t a t i o n  2 i n  some 

( a>  Base-line approach; Y = -3O; 6f = 400; 
Fn/6 = 19 793 N/engines (4450 l b f / eng ine )  

- -__ -__ 

4 
__-__ 

92.1 88.1 
91.4 87.3 
91.6 87.5 

R-061 13.1.5 99.9 1 9 5 . 9  1 91.9 86.8 
.. . __ 

Mean . . . . [ ,.-9-i 96,2 [ 91.7 87.4 
_ _  _ _  - 

( b )  Y = -3'; 	 6f 300; Fn/6 17 792 N/engine 
(4000 l b f / eng ine )  

1 
_ _ _ .  

99.1 
98.3 
98.5 
99.1 

3 

90.9 
91.1 
91.8 
89.8 

.~. .. -

Mean . . . . 98.8 90.9 
.. .. . - -~ _ - 
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TABLE 1V.- Continued 

(c) Y = -40-9 	 6, = 30'; Fn/6 = 11 342 N/engine 
(2550 lb f /engine)  

3 

R-06 1 3 .3 .1  94.4 85.1' 
R-06 1 3.3.2 93.2 85.5 
R-06 1 3 .3 .3  94 .O 84.9 
R-06 1 3 .3 .4  93.4 85.2 
R-06 1 3.3.5 93.9 85.3 78.9 

Mean . . . . 93.7 85.2 79.6 

6f = 30°; Fn/6 = 11 342 Wengine
(2550 lb f / eng ine )  

. .  -

F l i g h t  Run 
1 3 

R-050 1 . I  89 :4 83.4 
R-050 1 .2  88.7 8 1 . 4  
R-050 1 .3  86.8 79.9 
R-050 1 . 4  87.2 81.6 
R-050 1.5 89 .O 82.2 
R-050 1 .6  89.2 
R-050 I .7 88.3 82.1 

I 

4 
II 

R-050 1.8 88.3 80.9 78.1 

Mean . . .  88.4 81.6 77.2 
~ 
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TABLE I V .  - Concluded 

( e >  y = -5O/-3O; 6f = 300; Fn/6 = 11 342 N/engine 
(2550 l b f / e n g i n e )  

(LA,maxIref r d B ( A ) ,  a t  s t a t i o n  -
F l i g h t  Run 

R-061 3.4.1 97.3 -71 [e]
R-061 3.4.2 97.3 

R-061 3.4.3 96.9 8'1 .O 

R-061 3.4.4 96.9 92.2 80.4 

R-061 3.4.5 97.0 91.9 87.4 


- __-- . - ~ _ _ _ _  
Mean . . . . 97.1 92.2 87.3 7 9 . 9 1  

__  
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I 

Sta ion  

S t a t i o n  

1 
3 
4 

S ta ti o n  

1 
3 
4 

TABLE V . - CONFIDENCE INTERVALS FOR LA,^^^)^^^ 

(a). Base- l ine approach; y = -30., 6, = 400; 
Fn/e = 19 793 N/engine (4450 lb f / eng ine )  

Sample Measured mean Sample s t anda rd  
s i z e  ( t ab le  I V )  d e v i a t i o n ,  dB(A)  i n t e r v a l ,  dB(A)  

I 

99.9 -+O .35 --1-0.33 
96.2 -+. 42 -+I .9 
91.7 -+.27 -+.26 
87.4 -+.54 -+.63 

( b )  Y - 3 O ;  6, 30°; Fn/6 17 792 N/engine 
(4000 l b f / e n g i n e )  

Samp1e Measured mean Sample s t anda rd  90-percent 
s i z e  ( t ab le  I V )  

4 98.8 
4 90.9 
3 85.8 

d e v i a t i o n ,  dB(A) i n t e r v a l ,  d B ( A )  

-+0.41 -+O .49 
-+.83 -+.97 
+.26- -+.45 

I -I 

( c )  Y -4O; 6 ,  = 30°; Fn/6 11 342 N/engine 
(2550 lb f / eng ine )  

Sample Measured mean Sample s t anda rd  
s i z e  ( t ab le  I V )  d e v i a t i o n ,  dB(A)  i n t e r v a l ,  dB(A)  

5 93.7 -+O. 50 -+O .50 
5 85.2 -+.22 -+.21 
5 79.6 -+. 68 -+.65 
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TABLE V.- Concluded 

( d )  y = -5O; 	 6f = 30°; Fn/6 = 11  342 N/engine 
(2550 lb f / eng ine )  

~ ~ ~- - -

S t a t i o n  Samp1e Measured mean Sample s t anda rd  90-percent confidence 
s i z e  ( t a b l e  IV) d e v i a t i o n ,  d B ( A )  i n t e r v a l ,  dB(A)  

~ . .. 

8 88.4 -+0.93 -+O .62 
7 81.6 -+1.1 -+.81'I8 
- -

77.2 *+1.2 -+.77-

( e )  y = -5O/-30; d f  = 30°; Fn/6 = 11 342 N/engine 
(2550 lb f / eng ine )  

._~ 

S t a t i o n  Sample 
s i z e  ( t ab le  IV) d e v i a t i o n ,  d B ( A )  i n t e r v a l ,  dB(A) 

- - .. 

5 97.1 -+o .20 -
5 92.2 -+.42 -+.40 
5 87.3 -+.50 +.48 

2 

Measured mean Sample s t anda rd  90-percent confidence 

4 79.9 -+.99 -+i. 
__-. . -_. . - 
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TABLE VI.- SUMMARY LISTING OF EPNLref DATA 

are referenced  t o  1.85 km ( 1  n .  mi.) 
from runway th re sho ld  1 

(a )  Base-line approach; 
Fn/6 19 793 N/engine 

y = -30; 6f = 400; 
(4450 lb f / eng ine )  

EPNLre f ,  EPNdB 

109.7 
109.5 

109.5 

F l i g h t  

R-060 
R-060 
R-060 
R-06 1 
R-06 1 

Mean . . . 

( b )  Y = -30; 

F l i g h t  

R- 060 
R-060 
R-061 
R- 060 

Mean . 

( c )  y - 4 O ;  

F l i g h t  

R-061 
R-06 1 
R-06 1 
R-06 1 
R-06 1 

Mean . . . 

Run 

3.1.1 
3.1.2 
3.1 - 3  
3.1.4 
3.1.5 

. . . . .  


(sf = 300; Fn/6 = 17 792 N/engine 
(4000 l b f l e n g i n e )  

Run EPNLref, EPNdB 

3.2.1 108.4 
3.2.2 108.4 
3.2.3 108.9 
3.2.4 108.3 

. . .  108.5 

6f = 30°; Fn/6 = 11 342 N/engine 
(2550 lb f / eng ine )  

1 

Run EPNLref ,  EPNdB 

3.3.1 105.8 
3 . 3 - 2  103.6 
3 . 3 - 3  103.7 
3.3.4 103.7 
3.3.5 104.2 

. . . . .  104.2 

21 
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TABLE V I .  - Concluded 

( d )  y = -5" , 	6 f  = 30°; Fn/6 = 11 342 N/engine 
(2550 l b f / e n g i n e )  

- ~ __ - . _ _  - -. -

F l i g h t  L Run I EPNLref 9 EPNdB 
_. ___.-__ -

R-050 1.1 100.9 
R-050 1.2 101.8 
R-050 1.3 100.1 
R-050 1 . 4  99.8 
R-050 1.5 101.1 
R- 050 1 . 6  100.9 
R-050 1 . 7  100.2 
R-050 1.8 99.8 

-

Mean . . . . . . .  100.6 
~. - . . . .  

( e>  y = - 5 0 / - 3 O ;  6f = 30°; Fn/6 = 11  342 N/engine 
(2550 l b f / e n g i n e )  

p 
. -

g h t 1 Run EPNLref 9 EPNdB 
_ - ~ . ._. 

R-06 1 3.4.1 106.1 
R-06 1 3.4.2 107.6 
R-06 1 3 .4 .3  107.0 
R-06 1 3.4.4 106.8 
R-06 1 3 .4 .5  106.5 

-., ~~ __ -~ .. . .  

. . . . . . . .  106.8 
.- . ~ 
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TABLE V I 1  .- CONFIDENCE INTERVALS FOR EPNLref 

rFr Fn/6 I Mean value , Standard deviat ion Sample 90-percent confidence 
deg I del3 ! O f  EPNLref ,  ' O f  EPNLref,  ' s i z e  i n t e r v a l  f o r  EPNLref, 

N/engine I lbf /engine EPNdB EPNdB EPNdB 

-4 30 I1  342 2550 104.2 -+.92 5 -+.88 

i -5 30 11 342 2550 100.6 -+.71 8 -+.48LL 11 342 2550 106.8 -+. 56 5 -+. 54-51-3 30 

N w 



~ 

TABLE V I I 1 . - COMPARISON OF NTA VALUES WITH FLIGHT MEASUREMENTS 

( a )  Fn/6 = 19 793 N/engine (4450 l b f / eng ine )  

Z 

ft Meas u red NTA 
-.  

121 .o 39 7 99.9 99.6 
160 .O 525 96.2 96.2 
226.5 743 91.6 91.6 
336.5 1104 87.4 86.2 

( b )  Fn/6 = 17 792 N/engine (4000 l b f / e n g i n e )  

Z ( L A ,  max ref 

121 .o 39 7 98.8 98.8 
226.5 743 90.9 90.7 

1104 85.8 85.4 
. 

( c )  Fn/6 11 342 N/engine (2550 l b f / e n g i n e )  

.

Z ( L A ,  maxlref 

m f t  Measured NTA 

121 .o 397 97.1 96.5 
160 .O 525 92.2 93.1 
161.5 530 93.7 93.1 
202.4 664 88.4 89.6 
235 .O 77 1 87.3 87.6 
302.1 99 1 85.2 84.1 
378.0 1240 81.6 81.1 
418.8 1374 79.9 79.9 
448.7 1472 79.6 79.1 
561.8 1843 77.2 76.1 
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Figure 2 . - Dimensions of t e s t  a i rc raf t .  
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Figure  3.- Microphone l o c a t i o n s .  
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technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing- knowledge.-
TECHNICAL MEMORANDUMS: 
Information receiving limited distribution 
because of preliminary data, security classifica
tion, or other reasons. Also includes conference 
proceedings with either limited or unlimited 
distribution. -
CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 

TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

PUBLICAT1oNS: Information 
derived from or of value to NASA activities. 
Publications include find reports of major 
projects, monographs, data compilations, 
handbooks, sourcebooks, and special 
bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other-non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 

Details on the availability of these publications may be obtained from: 
’ 

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 

N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I N I S T R A T I O N  
Washington, D.C. 20546 


